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Abstract

Indeed, as the environment with less number of niches and dramatic geographical changes, the lunar surface is in a way
an material that has been morphed by billions of years of astronomical activities. This paper therefore aims at giving a
comprehensive comparative analysis of the identified associated minerals in the impact crater and the non-crater region
of the moon in the hope of unraveling the processes that define morphology of surface morphology. Moon surface is
comparatively rugged having distinguishable difference in large areas of low planes known as maria and elevated grounds
highlands and thus making inquiries into impacts of meteor concerning distribution of minerals relatively simpler on this
natural experiment. Expanding from details collected from the most popular lunar impact formations, namely Mare
Orientale, Tycho as well as Copernicus, this paper seeks to describe and account for some of the structural and geological
characteristics that go hand in hand with impacts of various sizes. These rays when combined with other geographical
features such as rilles, domes, and swirls on the surface of the moon will give an estimate of its geologic past. Furthermore,
it is more focused on factors of nature that controls the array and generation of Iunar regolith as well as the impacts of
meteoroid on the face of moon . Again, to understand the mechanical properties and mineralogical composition of regolith
samples collected from different lunar sites, information about the geological history of moon is established.

Keywords: Lunar surface, mineralogical diversity, impact craters, regolith composition, geological evolution, lunar
exploration.

Introduction

The moon’s surface, as the outer limit of the Moon separating it from space, is of great interest to scientists and inspires
the human mind with the severality of Moon’s geology and history. This differentiation, which occurred over billions of
years, is most notably reflected in the difference between the lunar maria, extensive basalt plains that are believed to have
originated from volcanic activity, and the highlands which are mainly made up of anorthosite enriched rocks which are
regarded as the original lunar crust (Metzger et al., 1992; Hawke et al., 1990; Hawke & Head, 1977). These contrasting
regions are important to give the details of geological history of the Moon.

The geological structures of the moon are far from ordinary, there are impact craters like Mare Orientale, Tycho,
Copernicus, and many more of which every one of them is differently formed and different in scientific importance (Jolliff
et al., 2000; Stoffleret al., 2006). Lunar rilles, which is a feature that is considered to be a remained lava channels on the
lunar surface, and domes that is closely related with localized volcanic activity also give more complexity of the lunar
surface.

The terrain of the moon demonstrated signs of dynamic geological activity such as impact cratering and space weathering
activities, which makes the lunar surface to record signs of the space impact and evolution of the materials on the moon’s
surface over time. Lunar regolith typically consists of small; rock fragments originating from meteoroid impact and
contains a wealth of chemical and physical properties that relate to the geological history of the Moon and has significant
importance to lunar exploration and utilization. The surface of the Moon provides some insights as to the state of evolution
of planets and appears to hold potential for further discovery and study. Subsequent lunar expeditions will surely reveal
even more and help open up the cosmos for deeper exploration.

Literature Review

Currently, it has been claimed to be a scientific research area that has been extensively explored in geological research
and lunar exploration of meteors regarding the distribution of mineralogical diversification on the lunar surface. Meteor
impacts have been known for many years as the dominant geological processes that play a key role in the formation of the
face of rocky planets, like the Moon. It is particularly important to know how these impacts influenced the mineralogical
variety and what about the composition and its history of the lunar crust we can learn.
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During the initial phases of the lunar observation via the early telescopic vision, it was widely found that impact craters
were one of the dominant features at the Moon’s surface. Such observations laid the bases of the first theories that explain
the formation and the history of the moon’s crust. These observations were made by Giovanni Battista Riccioli and
Johannes Hevelius in the seventeenth century, with illustrations and efforts put in place by these pioneers in identifying
several features on the lunar surface which include impact craters (Riccioli, 1651, Hevelius, 1647).

The introduction of enhanced technology in space explorations particularly in the Apollos missions of mid-1960 and early
seventies offered appropriate opportunities for direct investigation as well as sample collection from the moon surface.
Conjunction with data obtained during orbital missions, the investigation of samples collected by these missions on the
Earth radically altered the concepts concerning the formation of the lunar geological profile and the impact mechanism
that shaped the moon’s surface primarily through meteor strikes (NASA, 1972; Taylor, 1975).

The continents of interest in the current investigations include the description of the distribution of minerals on the lunar
surface and the determination of processes responsible for the creation of this surface. The approaches of remote sensing,
of which spectroscopy is a part, have significantly advanced the identification of the distribution and composition of
minerals on the moon’s surface (Pieters et al., 2009). These studies have revealed that impact cratering, volcanism, and
space weathering are some of the geological factors that have impacted the various mineralogical resources present on the
lunar surface (Clark at al 2007, Cheek at al 2012).

Furthermore, concerning the impact of meteors, there has been the use of numerical modeling and lab works to expound
on more of the impacts and how they affect mineralogy. Some shock caused minerals such as glassy melt breccias and
impact glasses have been observed from impact crater sites and their genesis has been simulated using computer models
(Melosh, 1989). These impact processes have been modeled and to understand the kind of processes that alter the form of
the lunar surface materials, laboratory experiments have been conducted in conditions that mimic the impact process
(Cintala, 1992).

Apart from the scientific perspective of meteor impacts, it has potential uses for utilization of moon as a resource for
human utilization for moon as resource for future human exploration and use. The purpose of this task is to find out the
distribution, and occurrence of minerals particularly the volatile-rich deposits within the impact craters in order to identify
potential sites in the moon that can be of benefit to man in their future endeavour to the moon.

Methodology

The current research utilises an interdisciplinary approach with both qualitative and quantitative methodological
frameworks to capture the multifaceted relationship between lunar mineralogical composition and impactors. The nature
of this study, combining both quantitative and qualitative data analysis, provides a complex picture of the extremely
complex processes occurring on the surface of the moon.

Research Design

Given that the research questions focus on exploring the effects of meteor impacts on the mineralogical terrains, the use
of mixed-methods research design incorporating both qualitative and quantitative approaches will facilitate a multi-
dimensional assessment. This makes the process easier in that it enables triangulation of findings and in creation of a deep
understanding of the research field.

Data Collection

Thus, information from CLASS, XSM, IIRS, and DFRS instruments of Chandrayaan-2 allows for a deeper understanding
of lunar minerology and meteor impacts. The primary data collection tools include images and other information captured
by the Chandrayaan-2 lunar orbiter, while the secondary data sources comprise of well-organized databases for lunar
impact events, which ensure vast and efficient data collection.

Chandrayan Mission Data Utilization

Data collected through instruments such as IIRS, CLASS, DFRS, etc. on Chandrayaan-2 are helpful in studying lunar
mineralogical characteristics, impact, and environmental aspects.

Data Analysis

Analytical methods such as statistics, Geographical Information System (GIS) analysis, spectral analysis and image
processing have been employed to analyse data and determine meteor impact features and the variation of minerals on the
lunar surface.

Proposed Research Work

The proposed research will include activities like detection of meteors, analysis of minerals and the distribution pattern of
these meteors to gain more insight into the lunar geological structure and processes in other planets.

Future exploration

Next expedition of man as a moon crag will thereby depict further drama in the travelling across the lunar surface besides
introducing new concepts and findings on the formation of the moon and other terrestrial planets of the solar system.
Sorne of the research area concentration concern promise surveillance of impact craters containing Mare Orientale, Tycho
and Copernicus Crash for the purpose of creating more interest in their features and to obtain more plausibly enhanced
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geochemical map of the Moon (Jolliff et al., 2000; Stoffleret al., 2006). In as much as these craters have been formed
through the geological process that has been ongoing on the surface of the Moon, these should be essential in making how
the over generations of few billion years the formation process of this has happened on the Moon.

As for questions which could have been asked to require a more extensive analysis the following are some of them: The
lunar rilles, which were expected to be the ancient lava channels; The lunar domes, which were associated with localized
volcanic activities; may have added more knowledge in the Geology of the Moon (Hawke et al., 1990; Hawke & Head,
1977). Consequently, any analysis of some aspects of the geology of the moon, such as the ones provided above, will only
contribute to a further understanding of the dynamic character of the moon’s surface.

In addition, while not altering our short-term near-term focus for human exploration of the moon long-term future lunar
missions will be other exploration especially in the chemical and philosophical nature of the lunar regolith which is all
but impacts. This is because the regolith shows the physical history of the moon, and it will be very useful especially if in
future one will have to use the Moon as a source of raw materials than a place to visit, for instance during lunar exploration.
But due to the progress of space age, there might be better ways of observation from the space, even they have ways of
touch feel analysis of the surface map of moon to get a better comparative study of the lunar map. These technological
enhancements therefore enable the scientists to present detailed overviews of the geographical make-up of the Moon for
the general goal of increasing knowledge regarding its formational development (Pieters et al., 2011).

Therefore, it is still quite appropriate to state that the staking of the lunar surface for one day will contribute to the improved
understanding of the other and its formation processes. If the programs that set and implements the Geologic events in
relation to the communite is sustained and if it is information that goes hand in hand with the technological advancement,
then a lot more about the moon can be unveiled and a lot more exploration beyond the moon can be achieved. (Jolliff et
al., 2000).

Results and Discussions

Clementine was a lunar mission that was deployed in the year 1994 as a project that involved the collaboration between
the United States Navy and the Ballistic Missile Defense Organization, whereby the mission helped in increasing
understanding of the formation of the moon crust as well as its geologic history. Clementine Spectral analysis of data
mapped out different minerals present in the lunar surface, and they include the following; Silicates which are Plagioclase
and Pyroxene and Oxides include Ilmenite and Hematite. These kinds of minerals are rather valuable when it comes to
the study of the geological time frame of the moon as a region that has developed over millions of years. Even more
profound, this account explains that it is possible to determine some variations of the density of minerals in different zones
of the Moon: for instance, the level plains or the lunar maria contain a lot of mafic minerals like pyroxene and olivine
while on the other hand, the highland area which consists of anorthositic rocks have a different mineralogy. Moreover,
Clementine data provided information about other elements of flamable and organic compounds such as water ice in the
region of lunar surface which is in perpetual shadow at the polar regions and it added significant value to future mining
and exploration of lunar environments. It also provided information about the size and age of cratter on lunar surface that
is useful for geological exploration of moon and for measurement of frequency of impact. From the existing mineral data
of moon, there is a way that so many factors have contributed towards the formation of the lunar surface and structures
which include the volcanisms, impacts, and cosmic ray exposure for the periods that extend for several billions of years.
Preliminary analysis of Clementine data revealed large variations in the Collocated and Soil Mineral Distributions; these
variations which were indicative of the various processes and the lunar crustal material. These possibilities become new
opportunities to proceed further with lunar missions and provide scientific recommendations for detection and potential
usage of minerals to continue the support and use of the moon and possibly colonization of it. With the aid of Clementine
and Lunar Prospector data, the invention of LAMP mission leveled up the scientific exploration’s understanding of the
moon’s mineralogy, surface, and geologic history and opened a way for more research on the moon.

Spatial Distribution of Major Minerals
Plagioclase Distribution
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Figure 1:Plagioclase Distribution
The mineral plagioclase was discovered to be common in the lunar highlands, and the rocks of the anorthosite association
are dominated by this mineral. Its abundance decreases on mare basalt plains where it is partially replaced by the other
silicates like pyroxene and olivine.
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Figure 2: Pyroxene and Olivine Associations
The pyroxene and olivine minerals also favored mare basalt plains which pointed that these minerals crystallized from the

basaltic magmas during the period of volcanic activities. These minerals are also present in impact melt breccias and
impact crater ejecta, which consist of materials brought up from other floors of the lunar crust.
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Figure 3: Ilmenite Concentrations

Therefore, ilmenite was found to be concentrated in various parts of the moon such as the mare basalt plains and the poles
of the moon. These concentrations are suggestive of previous volcanic activity and the processes of volcanic degassing
that would have facilitated the concentration of ilmenite in specific lunar structures.
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Figure 4: Analysis process for meteor impact effects on lunar mineralogy

Figure 4 illustrates the results of the data analysis process for meteor impact effects on lunar mineralogy. The figure
consists of four subplots showcasing various techniques employed in the analysis. Subplot (1) displays the Fourier
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Transform magnitude spectrum, revealing frequency components in the meteor impact data. Subplot (2) presents a binary
image obtained through image processing techniques, indicating segmented features relevant to the analysis. Subplot (3)
depicts a histogram showing the distribution of intensity values in the meteor impact data, providing insights into its
statistical characteristics. Finally, subplot (4) provides a statistical summary including mean intensity, standard deviation,
t-statistic, and p-value, offering further insights into the data's statistical properties.

Conclusion

The analysis of data from the Clementine and Lunar Prospector missions has provided invaluable insights into the
mineralogical diversity, surface composition, and geological evolution of the Moon.

The Clementine mission, launched in 1994, revolutionized our understanding of the Moon's surface composition by
revealing a rich diversity of minerals. Spectral analysis uncovered the presence of silicates like plagioclase and pyroxene,
as well as oxides such as ilmenite and hematite, offering clues about the geological processes shaping the lunar landscape
over billions of years. The pronounced variability in mineral abundances across different lunar regions highlighted the
complex interplay of geological processes like volcanism, impacts, and space weathering. Additionally, the detection of
volatile species like water ice in permanently shadowed regions near the lunar poles has significant implications for future
lunar exploration and resource utilization.

Analysis of data from the Lunar Prospector mission, launched in 1998, further enhanced our understanding of lunar
composition and structure. Mapping elemental composition using gamma-ray and neutron spectrometers provided insights
into the distribution of elements like hydrogen, helium, iron, titanium, and thorium on the lunar surface. Identification of
major lunar minerals such as plagioclase, pyroxene, olivine, and ilmenite shed light on the geological processes
responsible for their formation and distribution. Spatial distribution patterns of minerals across different lunar regions
revealed distinct formation environments and varied geological histories.

Overall, the findings from these missions have significantly advanced our understanding of lunar mineralogy, surface
composition, and geological evolution. These insights lay the groundwork for future exploration endeavors and scientific
inquiry into the mysteries of the Moon, paving the way for sustained lunar exploration and potential human habitation.
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